Introduction
Obesity, defined as excessive fat accumulation in the body, 1 continues to be a major global concern. 2 As of 2014, approximately half (52%) of the adults in the world are overweight or obese. 3 Overconsumption of calories and a sedentary lifestyle are contributing factors to the uprise of this epidemic. 2 Owing to the nutrition transition and rapid shifts seen in dietary and physical activity patterns in most parts of the worlds, obesity is now a health condition that is highly prevalent in both developing and industrialized countries. 4 Obesity leads to an increased likelihood of developing metabolic syndrome and an array of serious diseases, including type 2 diabetes, cardiovascular disease, nonalcoholic fatty liver disease, as well as colon, breast and other hormone-related cancers. 5, 6 Treatment of obesity requires a multidisciplinary team approach. In order to effectively prevent and treat complications while initiating weight loss and modifying lifestyle behaviors, physicians, nurses, dietetic specialists, psychologists and social workers must be collaboratively involved in patient management. 7 As part of the nutrition care process, clinical dietitians usually perform a biochemical assessment in which laboratory data are interpreted and correlated with the nutrition-related problem and signs and symptoms. However, guidelines for interpreting biochemical data for the obese patients are not fully established. Specifically, there is a lack of published studies that inform recommendations for interpreting albumin laboratory values among the obese patients.
Albumin, the most abundant plasma protein, has been traditionally used as an indicator for malnutrition and chronic starvation. 8 Although the Academy of Nutrition and Dietetics urges the need to interpret albumin values with caution, due to its likelihood to decrease with kidney and inflammatory diseases, 8 instructions for interpreting abnormal albumin levels among obese patients are not clearly stated. Evidence suggests that obesity is a state of chronic inflammation in which hypertrophy of adipocytes and hypoxia lead to the production of proinflammatory cytokines, such as tumor necrosis factor alpha. 9, 10 It is plausible that this state of inflammation may lead to altered serum albumin levels among the obese.
Although one study found that serum albumin is low among obese and nondiabetic children, 11 others examined the correlation between body mass index (BMI) and albumin among diabetic adults 12, 13 or the correlation between BMI and glycated albumin; 14 we were unable to identify any studies examining obesity and morbid obesity as independent predictors of hypoalbuminemia among adults. Such studies are needed in order to inform recommendations for interpreting albumin among obese individuals. The goal of this study was to examine the association of obese status and morbidly obese status with hypoalbuminemia, while adjusting for potential confounders, including age, sex, diabetes, prediabetes, diabetic nephropathy and nephrotic syndrome.
Patients and methods

Sample and procedure
Retrospective data were collected from all patients presenting to the outpatient Endocrinology and Metabolism Clinic between January 2015 and December 2015. An initial sample was identified for a study involving vitamin D serum levels. Thus, the original sample included 180 patients with complete serum vitamin D data. For the purpose of the current study, we selected patients who were older than 18 years with available albumin and weight and height data. Patients with known cases of liver disease or renal failure (with a diagnosis documented in previous notes or those with abnormal abdominal examination, abnormal liver enzymes or abnormal international normalized ratio [INR] ) were excluded from the dataset. A final sample of 122 subjects was identified. The sample included in this analysis (n = 122) did not differ from the sample not included (n = 58) with regard to age, sex and nationality (P-values > 0.1). Ethical approval to perform the study was obtained from the Unit of Biochemical Ethics at King Abdulaziz University. Patients' identities were protected by linking each patient's data to an anonymous identification number and eliminating names and contact information. Patient informed consent requirement was waived by the unit, given the retrospective nature of the study.
Using a standardized data collection form, a registered nurse who was part of the research team and was trained in using the hospital's electronic server extracted the following data from patients' electronic medical files: patient age, sex, nationality, weight and height and serum albumin level (Siemens Dimension Vista® System Flex® reagent cartridge by spectrophotometry). Weight and height were objectively measured by a trained hospital staff at the time of visit using standardized procedures, and BMI was automatically calculated (as weight in kg/height in m 2 ) and recorded in the patients' electronic medical record. To extract data on the presence of renal conditions and diabetes, files were reviewed by one of the principal investigators (who was a board-certified endocrinologist) for renal function and presence of diabetes mellitus or prediabetes and nephrotic syndrome; data were recorded in the data collection form. All recorded data were collected from each patient within the same 1-month window.
Measures Primary outcome: hypoalbuminemia
As widely employed, we defined hypoalbuminemia as a serum albumin level <34 g/L. 
Covariates
We identified variables to which to adjust in our statistical analysis a priori from the literature. Increase in age was previously found to be associated with decrease in serum albumin level, 17 and increase in age was found to be associated with increase in BMI. 18 Similarly, sex was previously found to be associated with serum albumin, 17 as well as weight status. 16 Thus, for use as covariates in statistical analyses, age was calculated based on the patient's date of birth and date of data collection, and patient's sex was retrieved from the electronic medical file. Serum albumin is considered to be a negative acute-phase reactant. Negative acute-phase reactants are proteins that decrease with inflammation, due to decreased liver synthesis probably as a consequence of increased hepatic synthesis of positive acute-phase reactants. 19, 20 Therefore, serum albumin level is known to be affected by certain health conditions, most commonly, renal conditions and diabetes. Renal conditions and diabetes are also associated with weight status, such that obese individuals have been found to be at an increased risk for developing these health complications. 5, 21 Thus, to examine obesity and morbid obesity as independent predictors of hypoalbuminemia, data on presence of renal conditions and diabetes were retrieved. Subjects were determined to have diabetes mellitus if glycosylated hemoglobin (HbA1c) was ≥6.5%, fasting blood sugar was ≥7.0 mmol/L, random blood sugar was ≥11.1 mmol/L or a 75 g oral glucose tolerance test (OGTT) with a 2-hour reading was ≥200 mmol/L. Subjects were also deemed diabetic if he/she was on treatment for diabetes using oral hypoglycemic agents or insulin as recorded in the electronic medical record. Prediabetes was diagnosed if the patient had untreated HbA1c of 5.9-6.49%, fasting blood sugar of 6.1-6.9 mmol/L, random blood sugar or 2-hour post OGTT of 7.8-11 mmol/L. 22, 23 Diabetic nephropathy was diagnosed if a patient with diabetes or prediabetes had an urine microalbumin/creatinine ratio above local lab cutoff of 30 mg/g. Nephrotic syndrome could not be diagnosed using urine microalbumin/creatinine ratio. However, if nephrotic syndrome was suspected based on markedly elevated urine albumin/creatinine ratio (ACR), the patient was further evaluated for elevated low-density lipoprotein (LDL) and total cholesterol and 24-hour urine albumin >3 g/day. Clinical notes were reviewed for documentation of anasarca.
Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics 21.0 (IBM Corporation, Armonk, NY, USA). Descriptive statistics were used to describe characteristics of the total sample.
We conducted logistic regression to examine the association of obesity and morbid obesity status (primary predictors) with hypoalbuminemia (primary outcome). We first ran an unadjusted regression model. Then, we ran multiple logistic regression models while adjusting for potential confounders, including age, sex, diabetes, prediabetes, diabetic nephropathy and nephrotic syndrome.
Additionally, in order to further investigate whether the correlation between weight status and hypoalbuminemia is limited only to obese and morbidly obese subjects or whether it also exists among subjects who were not obese or morbidly obese, we tested a logistic regression model with BMI as the predictor and hypoalbuminemia as the outcome in a dataset comprising only subjects whose BMI was <30 kg/ m 2 . The original dataset did not include any subjects who were underweight (BMI < 18.5 kg/m 2 ). Thus, the selected subjects for this additional analysis (n = 62) were all either overweight (25 kg/m 2 ≤ BMI < 30 kg/m 2 ) or within the normal range (18.5 kg/m 2 ≤ BMI < 25 kg/m 2 ). An unadjusted model was first tested, and then the model was adjusted for age, sex, diabetes, prediabetes, diabetic nephropathy and nephrotic syndrome.
Results
More than half of the study sample (62%) were Saudi nationals, and the majority of subjects (77%) were females. Approximately 43% of the sample was categorized as obese, and 13% was categorized as morbidly obese ( Table 1) .
The results of multiple logistic regression, including unadjusted and adjusted odds ratios (ORs), are shown in Table 2 . Obese and morbidly obese subjects had significantly higher odds of hypoalbuminemia (OR: 3.79, 95% confidence interval (CI): 1.66-8.76 and OR: 4.64, 95% CI: 1.55-13.95, respectively). These associations were not weakened by inclusion of potential confounders in the regression models; adjusting for age, sex, diabetes, prediabetes, nephrotic syndrome and diabetic nephropathy, obese subjects had significantly higher odds of hypoalbuminemia (OR: 4.10, 95% CI: 1.50-11.27), as did morbidly obese subjects (OR: 6.94, 95% CI: 1.91-25.23). 
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Mosli and Mosli
Further analysis revealed that there was a negative association between BMI and odds of hypoalbuminemia among subjects who were not obese or morbidly obese. Among normal weight and overweight subjects, increase in BMI was associated with lower likelihood of hypoalbuminemia after adjusting for potential confounders. This association, however, only approached statistical significance (OR: 0.77, 95% CI: 0.59-1.02, P-value = 0.07).
Discussion
We found that obesity and morbid obesity status were each associated with higher odds of hypoalbuminemia. Results were not attenuated by inclusion of age, sex, diabetes, prediabetes, nephrotic syndrome and diabetic nephropathy in the regression models. These findings suggest that obesity and morbid obesity can be considered as independent predictors of hypoalbuminemia. Further analysis also shows that among subjects who were normal weight or overweight, increase in BMI was associated with lower likelihood of hypoalbuminemia. This further supports our hypothesis that hypoalbuminemia may be uniquely associated with the state of excess adiposity (i.e., obesity and morbid obesity). Indeed, lower BMI in subjects who were normal weight or overweight may be associated with some degree of protein malnutrition, which might explain the negative association between BMI and hypoalbuminemia.
Our findings are consistent with findings from previous studies, showing a negative association between obesity and albumin level among children. 11 Although previous studies identified a negative correlation between BMI and albumin level among adults, these study samples included only diabetic subjects, 12,13 assessed glycated albumin rather than albumin level 14 or only compared albumin levels between different obesity classes. 24 Another study in Brazil that found that the majority (85%) of overweight or obese elderly patients who were admitted at the hospital had hypoalbuminemia correlated hypoalbuminemia with nutritional status and age rather than BMI and the presence of metabolic syndrome. 25 To our knowledge, our study is among the first to report greater likelihood of hypoalbuminemia among obese and morbidly obese adults, while taking into account factors that may contribute to decreased albumin levels, such as age, sex, diabetes, prediabetes, diabetic nephropathy and nephrotic syndrome.
Although the exact mechanism underlying the association of obesity with hypoalbuminemia is unknown, it is plausible that hypoalbuminemia is caused by the physiologic changes accompanied by the inflammatory state seen in obesity and morbid obesity. Future studies are needed to identify the exact mechanism by which obesity and morbid obesity lead to hypoalbuminemia.
Serum albumin levels can be used as a prognostic tool that helps predict patient medical and surgical outcomes. 15, 20, 26 The association of low albumin with adverse patient outcomes may be due to the fact that albumin is a biomarker for severe protein malnutrition. 20 However, albumin was found to be an independent predictor of morbidity and mortality in critically ill patients. 27 Surgical data found that hypoalbuminemia detected preoperatively was usually associated with adverse outcomes, specifically delayed wound healing, poor surgical outcome, need for repeat surgery and higher readmission 
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Obesity and hypoalbuminemia rates. 28 While these outcomes were all thought to be related to the presumed underlying malnutrition manifesting in the form of low albumin, the exact mechanism is not yet known in detail. Obesity state is being increasingly recognized as a state of chronic inflammation. However, it is unclear if this chronic low-grade inflammation is part of the underlying cause of the effects of hypoalbuminemia on the surgical outcomes outlined earlier. 29 The impact of low albumin level on overall health and well-being among the obese is unknown. Future studies are needed in order to examine the effect of hypoalbuminemia on health outcomes among obese and morbidly obese individuals.
This study has several strengths. We explored the association of obesity and morbid obesity with hypoalbuminemia, while carefully accounting for some of the most important conditions that may contribute to low albumin levels using the expertise of a board-certified endocrinologist. Furthermore, weight and height of subjects were objectively measured by trained hospital staff using standardized procedures. This study also has some limitations. Our sample size was relatively small. Studies with larger sample sizes are needed to confirm our findings. There might have been residual confounding by factors that we did not account for in our analysis (e.g., subclinical health conditions or an undetected liver disease), and we did not obtain data on subjects' dietary intake. Future studies can include comprehensive interviews with subjects in order to obtain detailed information on factors that may contribute to hypoalbuminemia.
Conclusion
Our findings can help inform future studies aiming to better understand the association of obesity and morbid obesity with hypoalbuminemia. Findings from our study can help inform guidelines for clinical dietitians on how to correctly interpret and utilize serum albumin data for obese individuals. Given the increasing rates of obesity in both industrialized and developing countries, 4 a clear consensus needs to be established among the international community regarding how to assess and interpret biochemical data for the obese in order to optimize obesity management and efficiently employ the nutrition care process.
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